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[mm&i mmm 

A A>y#X (Mycobacterium vaccae) ft5fc(£> 3f g£flft?KiigP^itf>^M#lr& o T 

[if#^2] i 4 e&ommr^ smithy yx&zm^i izmmoy^m 

A (Mycobacterium vaccae) ajRO^Sftflft^c^SJ^ilitKL/T, 

A /1>yi3X (Mycobacterium vaccae) fijfctf) *rWlB%ykMWM<Dl£.MfoT*fo -o X 

A Kvijx. (Mycobacterium vaccae) m^(D^fmE^mWm titmVX . mm 
A X (Mycobacterium vaccae) fi3fctf)3rM£7R^^tf)^M#:"£& o T, 
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A yW#x (Mycobacterium vaccae) ffi3fc©^BftflB>!K^lMii:Jtii{ LT, 

[ft 12] BB#I#-^ : 2{CfB«©7^ y|ftSB^JtCfeV%T, 6 146 

ffi, ££zj<2 5 6^©s/^^w >as7b^{c-feu >{cgm^ti^r^ smmmtp 
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xf>f>«s^u >jcs&s*ifcT^ n;^f'j ^a 



[iM2 4 ] 1 Tb^b 2 3 ©^ffljtMCflBIEfi^-f a^^f'J ^A 

^>y*iS*ffl BftHB*f!i»S&©3£S# &3-Kt5 DNA„ 

[3t#3®2 5] M*^2 4 lC|E«©DNA#J$A3*Xfc'<**-.. 

[ft 3^2 6] M*J®2 4 JCia*©DNA^J;tJfjg7C»3gS:3- KfSDNA#*P 

[M2 7] Mjtmmtft^'f ^U^J-t* Tl^faT'J (Kluyberom 



a y # x a cd ^fm^mmm <d = 
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yces aestuarii) \z fi^tS jjjltf— /]/3&7tMMV&>&W&T& 2 6 IdES®^? 
m&TMZ 8] If ^^2 5*^ 2 7<D\t^'ffrtiMZftM<D'<9#-&&W1r& 

[ff#3l3 0] ff ^^2 5fcgB«©'<**-&«#*5^K«!*#S:J8i6 , r 
Sll^^tf, ff^^l*^2 3©^-rtl^lCfH*(D^B^^^(Z)^M^5: 

[ff#^3 3] TIB© (a) (c) 0>V^*l#&/BV^fc, MM0-X 

(a) 1 7^£> 2 3 ©v^*utMCSB«©v-f rrA^T-U Ay#xft 

(b) ff#^2 8 £ fete 2 9 (Cia«©^SKil^c 

(c) (b) izmm^mn^m^mmm. 

C3iNfcg3 4j fjf^3 3 (a) j^e> (c) CD V^tlfr £ J^TMlMfr £ 

-)ix*&z>m&m3 4 tcfa^(D^^ 0 

(s) -4-7\n-3-ti Fn^^iix^fM-fesiMs 5 izmmcDum 
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a 

-)vmfr,mmx-$>sm^3 4 3 6<^r*ifrfclBI8<Z>;#£&o 

5t $ n £ * CD -CfeS H#J£3 4 frf, 3 7 ©V^tlJWCiBIS©;^. 
[^©fNffl&M] 
[0 0 0 1] 

#&9!fcJU 7-f □A^f'JfA A»;*J (Mycobacterium vaccae) fi^^rgg 

I^-nnf>7^ K^5?^l/tf F (NAD+) ;fr£>3g7£Mj8--=i?->73 K^.* 
*l/*^K (NADH) SrSJat-rs^tCM'TS,, 
[0 0 0 2] 

t&fe, ft^iS'ft (S) -4-AO-3-tFn^i/iixXf;KO|gj|^^bT, 
^^fflJSJ&^^frMvxfc^iSTBas (#P^B§6 1-14 6 19 1, #BB¥ 6 
- 2 0 9 7 8 2^) *^e>*lTV>fc„ .U#U attftK^St©^©^*:^* 

ft^Mtt (S) -4-Aa-3-tFn^i/9ii^fMi, gUiS* if 0>tpl8l#»cjflJ 

[0 0 0 3] 

4-An7"fe hffgftx^-r-;!/*^?) (S) -4-An-3-t Kn^«iXr 
;i/££E£-t£@Pifl£ lT^7^^n?^-feX • 7X^fi7'J (Kluyveromyces 
aestuarii) fi3(5CD*;i/3K— ^/3Stc»^ (#112000-236883) ^^J^tlTJS'J, Z. 

©iiCiS (s) -4-;\n-3-n Fn^p i/k Kn^S/lix^f;i/©^^^ 
, *t&£i£ LTft^£H£(&3B7cSjS-~3^>7S KS?* * u^-^ K(NADH) & 
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[0 0 0 4] 

^tl^T*©i:r5, MSSlRNAD+SrNADHICjgTct-SfefttC, ^M^ltilii £££ 
Mlti (Methods in Enzymology 136,9-21, 1987) — Xffifoifc^t&ilt 

(#^2000-236883) L 2 tlT 3 0 LfrL&tfP,, 

[0 0 0 5] 

pHffi, ms, iRMc^t^asfei^t^i, m±m 

£ 1 1 -2 2 5 7 8 4). ^<Z)fc&>, J^TlC^lf fc^gEMlCi: *J3c 

[0 0 0 6] 

-f n. 12 7 (Tishkov) £> t/n— K'E^"^ (Pseudomonas) sp.101 fch 

(Biochem. Biophys. Res. Commun. 192, 4480-4485, 1993) „ R 15 
<13 1fi, 16 0ft, 1 6 8fc 1 8 4fi, 2 2 8fi©t'J>5:T5->^ 

(FEBS Letters 445, 183-188, 1999) 0 
[0 0 0 7] 

(Slusarczyk) P>tt, -V sJW S? — >f & © 
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(Eur. J. Biochem. 267, 1280-1289, 2000) 0 
[0 0 0 8] 

[0 0 0 9] 

NADH £ H$i L & # <b ijbSSe* «7t;M£*&#/ & SS5g-T & jg^tc 33 v>T tvlStt 
[0 0 10] 

x^^^byiz^m^n^mmmm^^iz^^x^m^mmmo^tim^ 

^v*xfi3fc^Sftffil*ig»^ (K#f## : 2) ©1 4 6#<BS/:*-5M>3B£§: 
[0011] 
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[0013] 
[0014] 

hp t>*&m mmmMm & m%. b & # & »f tMg« a* e> m % j»st 

C 1 ] SE^J## : 2 tcfBISO 7 ^ J WM3\ft ^^v-fn/^fUOA Ay 
(Mycobacterium vaccae) fisfctf) 3rIftBJ>fC^as|t0>3EMttT?£> o T, ^(DM 

[2] 14 6ti©fii7$;i*«t'J>Tft5 [1] lC3E«©^Sftfl»>!Mi#3lt 

[3] BB#I## : 2 iCfB«tf>7^ 7 WJA^^5 7^ a/^f'J tfi* A*; 
*X (Mycobacterium vaccae) ft^ffl^iMIii^Mbl, ^8HSaiE## 
Ttlv\ii?§tt^^t [1] *fcl± C2] KilBIE©^itfl»*SI^©3EM^ 

C 4 ] : 2 iCfS^tf) 7 ^ J 8ftB3#IA* ^ftST^a/^fU^A Ay 

^7 a: (Mycobacterium vaccae) fi^fiD^r^fl^TK^^^CO^M^Tfe o T, -?-<Z)^ 
M#4>&< ^^ 2 5 6{£a>*/;*-5M>383£#, S/^-r-f >#*<Z>7 ^ yg&'Mtgl 
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C5] 2 5 6Mi7^;i^, -feu>, y^->, *fctt^u >©^-rti 

*X (Mycobacterium vaccae) fi*©^gftffifcMR#35i: J£gS:LT> W«igj«lC*r 

AX (Mycobacterium vaccae) SUtOJfSBMII^iMfttfeot, ^©^M 
#4>&< 1 4 6&£<fct>*2 5 6fi0ii/^f^f >^SC0, S/*-r->f >JSW*© 

[9] BB#J#-£ : 2 (CfH«©T^ ;iS^?)^57^ -rA^-rU Ay 
Ax (Mycobacterium vaccae) |£3fe©¥MMcsS®5SfcJfc|8 Lt, 
TT*^@Pii}S<l££^U fro, #»i§&CMUi£^iM$*:^-*\ [7] 

[8] lciE«©=FB^*f&#SR©i£M#, 

Cl] fr£ C9] ®^i'ti^JC|B«©^Bftfltt*»3R©^M^ 

<z>rs ygfc-e&s, cio] icga*©^riftffii*»^©3EM^> 

[12] Ba^J#"& : 2JC|S*©T5 yS^BBW^CfiV^T, 6&, 14 6&, £ <fc 
[13] : 2 lCfa*g©T ^ ^ S?IB?UlCfc^T, 6&©s/xtm>£§» 

[14] : 2icia«©7^ yg^jicas^-c, 6&cz)S/x-5M>^» 
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ci6] m?m-% : 2\zmm<DT $ ;mmmiz-&\,^T. $ gl<d*/ 7.7-4 
[is] sb^i## : 2 tcia«©r ^ ygftaa^jjcfevAT, 2 5 6fi©^f>f> 

(19] BB^I#-& : 2JC|H«©r^ yfiftBB^JJCfeV^'T, 14 6^^3^0^2 5 6 

-rU^A Ay#xft^©^M*^§li8c«Mfl^ 
[20] IE?'J## : 2 {CfH«©T5 ./ HH2#UC;J3V>T, 2 5 6fi©i/^f>f> 

[21] fB?'J## : 2 (CSH^CDT^ 7 gftffl^lKfc.V^T, 14 6fi©>>^f^> 

j^a^-fe u >c 2 5 6^©^^^>r >8g#Au ^ic^-ti^nem^tifer ^ 

> 

[22] m&m^ : 2 icia«©rs jmmmzis^x. 6fe©^f^f>«i 
^75->ic, 2 5 6fi©s/^-r>f >^s#au ^c-eti-ene&stifcrs 7 

MMP}fr'bteZ>~?4ziAt?TV ?A Ay*xft*©^|ftfltt7K^»^©^M^ 
[23] BB#I#^ : 2 lCiB«0>7 ^ 7 MB?!HC £ V MT , 6&<D*/Xt4>&& 
1 4 6&©*/;*-r>f >352£#"feU >IC, 2 5 6&0J/Xf>f >JS 
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[2 4] [1] frh [2 3] COl^f *lfrfC|B«(DV-f 3A?f U 9 A 
[2 5] [2 4] lCffi«<BDNA##AS*l&'<* 

[2 6] [2 4] JC|a«©DNAfe«ktf5g7C»3llS:n- K*T SDNAtfJPASJlfc'* 

[2 7] a7cSi* ? i'5'f'<nv>f'fe^ 7lXf a7'J (Kluyberomyces aes 
tuarii) lCft3fe"t5#;b3ffx.;i/3g7c®jgT»&5 [2 6] iCfE^CD^ ? # 
[2 8] [2 5] [2 7] ©V^4x^JC|a«©/<^^-S:#^-rs^e« 

[2 9] m±mmftW£qo"zib& [2 8] »cib«©^«*kS5;#, 

[3 0] [2 5] tCia«(0/<^^-S:«|^-rs^KIESIftS:««-rSXgS:^ 
tf, Cl] [2 3] ©VN-rtl^iCfB«©«H^7K^^©^M#:$:^it"r-5 

[31] [26] izmmv^? *-*&w?&mi!t$&Mibzmm?z>j:m*:<s; 
tf, ci] *^ C2 3] ©v^m^jciais^T^ ?a Av*xffl3fe 

[32] [27] izmm<D'<9*-*:ftw-*&mnm&#&tg&>t&j:i&%<g 

tf, [1] fr£ [2 3 ] " ©V^tlfrlClBIS©^ ?A Ay*xfi3fe 

[3 3] TIB CO (a) ^ P> (c) ©^rftfr&JS^fc, IM^-inf^T 

(a) [1] (23) ©V*t**l*MCfBl80)"7-f U ?A /^^I 

(b) [2 8] [2 9] &C!B«Stf)7£fCji£g!#, 

(c) (b) fCfE*g©^ft^#©&M3, 

[34] (33) O (a) (c) CO V^tlfr £ M ^TliftS^ 5t^M&C 
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[3 5] wtitmmMtfT hyv&v. mmM^m^m^^r^zi-jix^ 
s (34] izmmo^m. 

[3 6] >T h -AD7t hMx^T^T'&U* T;i/3-;i/^ (S) - 

4-AD-3-t Fn^i/Sfix^f^tfeS [3 5] &CfB*tf>#}£, 

[37] M7c#^^^^-r^nT-r-fe^ t^*?-=ltv &&jj)vtf-;im.7i 

mmx*&2> [3 4] [3 6] <D ^1? ft frlzmM<D 

[3 8] M^sm^, [3i] [3 2] izmm^mz^^xm^n 

Z>t=.%(DX$>Z> [3 4] [3 7] <£>\,^1?tlfrlzmM(DJjm. 

X2bZ a 

[0 0 15} ; 
&$&$MIZ. V^fnA^f'J^^ V ft X (Mycobacterium vaccae) ft3fe(Z)3r 
[0016] 

ycobacterium vaccae) fijfcCO 3rS&B#>!fc^^^ (IB#J## : 2) fCfcV 1 ^, 14 

■fry^r^ y&s$\><DTs. jm^mm^titz-^cDx^tuf. 1 4 6&j^<z>r^ y 

xzztiK &f£mz&wx$iV2>z.ii : b$>z> a ^mn^mmzit, zn^MX 
(D&mfttf&tnzo 1 4 6^mmz&vz>^m-?z>T$ ;mm\z. its, 507 
^y^i*j-e&*j> L<&3or^ ;^wt^'J, £<bic#i;L<teioy^ 

/g^ft (#!l;ttf, 5T^y^P^I, 37^^1*1) T*&£ 0 14 6tMWt 
#?£L<tt, Y^fny^f'J'i'A Ay;!j:r (Mycobacterium vaccae) ft5fc©df 
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hM*^;i^tf>4 - AD - 3 -#3f VMfcx^^l/Jg^fc^Mf 5 3i:TO5 

tc & v % r is v a ^gftsiTKaRffltafifStt ^t-^-e&s., *mm*m&mm& It 

, «TO^^M^t5 3i:^T'f5 0 'J^^U^AIM (pH 7.0, lOOmM 
) , NAD+ 2.5mM, ^rith'J^A lOOmM &J:&Bm&i£ttBil&%L t P 25°CT*^j^ 

3 NADHaJfflnic 340nm©P&^cDfg#n£:iUj£-r£ o iu i±, l^ratc 

littmol©NADH©ifinS:«l(jSE'rs»3|}fii:'t«S 0 A-f 

^fe#-&tc'tt, i<z)^#^?^i340nln^cfeW5.la3tS©SE'fb^ifi3S3*l3&v^ o 

[0017] 

#$8tS<0&M#©te<Z>#3: LV*1»«H:, 7^3/^f'J7A A>y*x (Mycob 
acterium vaccae) &$t(D3r%&®l7i<.M%£M (BB^US^ : 2) IC&V^, 2 5 6fi 

fr^Mtt (JS*T, T2 5 6^M#:j .fclTtS) T'feSo 2 5 6&©g#|y^ 
tt, #*L<1±, -feU>, *fcl±^U>-e**o 2 5 6^M^«, 2 

, 2 5 6™©75;mi:SVNTltl<iM©7^;lEAm 

, tffln;i3J:tf/£fcli#A&£<83m£^LTV*TfcJ:v^ £0) «fc 3 fcSEMW:, 

ssfi^ 5ot^ ;i«fit-fe L<ii3or^ 

&3„ 2 5 6Hft(i, £?2;L<te, 7^n;^f'J7A (Mycobacte 
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rium vaccae) ^^(D^m^mmm (SB?'J## : 2) ^irfcgeLT, mm^MiZ 

x^^;i/, 4 -^n^rt hMex^;i/x*^;b, 4 - a- KMx^bxx^- 
;w hli^f;K hii^nif;^(D4-An 

- 3 -*3fVE&iftx*-T-;HE, ^nD7th7x;x ya^Tir h 7i y >^ 
oo Tiz h7i;>,'*fc3-i'nn-i -7ix;i/- 2 -:/u/\°y >, 3 - 
t/u^e- l -7i-ji/- 2 -zfurtj y^co. 3-ad-i - y x.—jv- 2-7° 

[0 0 18] 

' U >Sft*U ^AJg«?R (PH 7.0. lOOmM) , 4 - ^DD7t hlHf Jl/ 20mM 
. ^M7KiltMl£^tf,Ki«'*' 25°C. 204>«^«, NAD+ 5: 2.5mM, *?m± V 
U?A£ 100mIHC&5 <fc^tcfln;t, MfOT* 25°C T'MJS £ 1±, NADHCDJfflntC £ 
340nmcDi®3 1 6^©ftiD?:M^1--5 o LT«, Vym^jV^^m 

mm (PH 7.0, lOOmM) , fe^tfiR/SMtf 1 25°C, 20#«l#«, NA 

D+£ 2.5mM, ^r^^- h U ^AfclOOmM, 4 n nT"fe hftlftXf-;i/&2"0mMlC* 
£ J^CflUx., Si^^^ 25°C tr£/&£ it, NADHtf)Mnc£&&e>340nmCDPMS 

[0019] 

ycobacterium vaccae) fi3fc(D 3r^Ift?K^^^i (@B#l#-*§- : 2) _t|B 

1 4 6 2 5 e&ams/^T'f >&£WPkiz*/ y£k#>(DT $ 

fitfcS*lfcaSS&^fc< t^iO^Ift (J^T, r i 4 6 - 2 5 6 

j nffi-?z>) r*&£ 0 i 4 6&0fitr^;i?(i, #£L<«, ir u>-e*>y, 

2 5 6Mi7^t{t #*0<tt, -feU>, T^x>, *fctt/XU 

S. 14 6&£J;tf 2 5 S&<Dmi/*T4 >ti&-ft$kKt/ 7*^4 >M©7^ y 
Sft^fi&StlfcfcO-e&tlfcf, 1 4 6&fcJ;tf 2 5 6 ###©7$ yg*<Z>g£MK: 
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r^TfcMffCfWBRSiftfcV^ 1 4 6 - 2 5 6^11 #2;L<te, V-fnA? 

/ty^ji (Mycobacterium vaccae) fijfeCD *rM$%7kMWM (@B^'J## 
: 2) tMLt, ^MmM&&Tlz&^T^^*M%%7kBmm'&$:mL. fro 

[0 0 2 0] 

MbKH@li!tC7) 1 4 6&;£ <fct>Vi;£te 2 5 6 ^CD^MfC^H^T, 6t©>>^f 

>T*3d<5 0 #*l/<tt, V^ny^f'J^iA Ay#x (Mycobacte 

rium vaccae) E&3fc<D ^M^M (iB?tI#^ : 2) £Jt«LT. 

[0 0 2 1] 

(b) @B#!## : 2 tCfB^ L feT ^ 7 M^JJC £ V^T, 2 5 6^^7?^^ 
^^-fe U >tCg#SS*lTV*&v>f >?A ^-y*xfi^©^iIK*ii 

(c) @b?'J## : 2(cta^Lfer ^ ymiH^Rcfc^T, 2 5 6&cd>>*^ 
misfit 

(d) : 2 tcfa^Lfcr ^ ;mmmzts\,^T 1 4 6&©s/x5M ymm 

tf-k V >fC, 2 5 6fe(D S/*-5M U i/lCgglStlT V^T-f 3A'^f 

y^A A^v.^Xfij^CD^rMTfcM^CO^M^ 

(e) mtm^ : 2lCfB«Lfcr^ yM^JtcfcVNT 1 4 6fe(Di/X^-T 

#-tz y >ic 2 5 6fi®i/^f>f ^^s^T^-^tcgiftsnTv^sT^ 
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(f) BJ#J§# : 2 {cfE«ufc7^ 7M^!Hc^t 1 4 6&©s/*^ 

u?a )\vi3^&&<n*mmifrmm : mv>~m.wfo 

(g) BJ#I## : 2{CfB^L£7^ y BftfB^ltCfc^T 6&<Z)i/X-5M 

u->icfisistiTv^s*7'>r n/^f'j ?a a' 7 * x ffl 

(h) »J## : 2fCfB«L£7^ ;WJ(C^V^T 6&CDS/*-5M >3£S#7 

(i) bb^j#-^ : 2 \zmn\st=.r ^ jmmm\z^x q^skd^^a 

(j) mtm^ 2fcia«Lfer^ ^KK^itcfev^T efft©s/x-r>f >«s^-fe 

(k) IB?'J## : 2iCfB«LfcT^ ;WJi:S^t 6 ft© S/Xt^ >Jg£#-fe 
U >lc, 2 5 6&0*/*-5M >#g#Ay >lcfim£*iT^3v-f n/^f'J^ 

(1) IB^I## : 2(Cf3«L£7^ ^TO^fC^T 6&<Z)>>*^>^«;tf7 
^X>JC, 1 4 6ffi©2/^-r--05SS*«"fe U >JC, 2 5 6 &(D >35S# 
A'J ^fCgglStlTV^ V>f ?A Ay #xfi3fc<O^MJ?Kiit@£iitf) 

(m) aa^i## : 2 (cfa^L^r^ j mmmz&^T sglos/^tj ymswr 

?A Ay * x 

[0 0 2 2] 

±ta (a) (m) ©^M^©e)*», (a) T'^L^^M^^, mmmm& 
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#TK;m^iSV*:\ f im*#ili?Stt£^"r. (b) , (c) . (h) , (i) , 

(j) , (k) £<fctf (m) VmLfc^mmt. mte&mzttLT-m^W&Zm 
?. (d) , (f) , (g) (1) V^Ltz^mmt. tI^I#4Ti: 

[0 0 2 3] 

Hashimoto-Gotoh, T. et al. (1995) Gene 152, 271-275, Zoller, MJ, and Smi 
th, M. (1983) Methods Enzymol. 100, 468-500) ^TfftB*r<5 ~ £WC£ 

Mm0A«l2l 2 iC^-TpSFR415 Sr^i- S *S§^ (JM109(pSFR415) ) , £ J: t>*pSFR426 
£^-t£*B§®(JM109(pSFR426)) £WfebTVN£ 0 KlC#A3*lfcDN 

[0 0 2 4] 

a.^>;0 ffi3R-ptt2 2 4fi2/^5 1 >f >tC, A>-fe5t^ /K'J^l/?? (3SH°3f 
T 7 >?"*#) (SWISS : P33677) tli2 2 8fii'^r>f>IC, ~=l-U7. 

^yifffi* (SWISS : NEUFDHA) Trtt 2 2 8 fiLS/*-r>f > tC, J/a-K^ 
-^-Xsp. lOlfijfc (SWISS : P33160) tfli 2 5 5fiS/^T->f >tCffi^i*S. * 
|HfC< v>f ny^f'J A Ay55jxfi*^Sftfl8*tSP3RJCfe^S 1 4 

IfS/zL- K^E^-X (Pseudomonas) sp. lOlfi* (SWISS : P33160) t'!j;14 5fi 
XC^gS-TSc (Appl. Microbiol. Biotechnol. 44, 479-483, 1995) 

% ft_t $ i± £ , as «k tf / £ tc «k £ *Sttfta& 8Bf#-e £ £ . 

[0 0 2 5] 
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[0 0 2 6] 

•r dna & , ^©sgJH^ * # - iC^Af £ r £ IZ J: o Tfl^S 

Bsmsmftfs^ ? * - srjt^-r s . s&jsi^ * # - r^s^m i/ tz-Tpmrnfa 

[0 0 2 7] 

7G@PJii£n- # -JC#A-T3 d £ ic J: o Tf^SiS 

■ ny^/^f'J^A (Corynebacterium) sp. ST-10 (Appl. Environ. Microb 
iol. 63, 3783-3788, 1997) 

• 3f -V A^^fl/UVTs (Candida parapsi losis) IFO 1396 <MWf- 07 
-231785) 

• ~f )\>fi U >f*Z. l-hD7T^ (Alcaligenes eutrophus) N9A (J. Bacterio 
1. 170, 5248-5256, 1988) 

• Zl^^-jrT^ ^rV-tf^ (Comamonas terrigena) (Biochim. Biophys. Acta 661 
, 74-86, 1981) 

•^hUAA ^^y^r-i #A (Geotrichum candidum) IFO 4597 (#4*^ 01- 
27715) 
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• ny^ZS^ 3r 7 X.y i/ 7, (Hansenula ofunaensis) AKU 4328 (J. Biosci. 
Bioeng. 88, 148-152 ,1999) 

• Still"? J 7 x U n aK U (Nocardia erythropol is) ATCC 4277 (Appl.'E 
nviron. Microbiol. 61, 3729-3722, 1995) 

• ;^;Vr^ 7 7 7 7fi (Nocardia fusca) 

• tf^rT (Pichia) sp. NRRL-Y-11328 (J. Appl. Biochem. 3, 218-232 , 1981 

) 

• i/i-K^^ (Pseudomonas) sp. PED (ATCC 49794) (US 5385833) 

■ nK3*;A^ I'JXDiK'JX (Rhodococcus erythropol is) DSM 743 (J. Bio 
technol. 33, 283-292, 1994) 

- U\?ziyft7s 7Ut$V 7 (Rhodococcus erythropol is) (Reel. Trav. C 
him. Pays-Bas 115,239-243, 1996) 

• n Ki/a - K^^*^ 77 zlU 4 (Rhodopseudomonas sphaeroides) (Tet 
rahedron Asym. 4, 1259-1269, 1993) 

• 7)V7^UA7 V;i/7 7^UA^ (Sulfolobus solfataricus) MT-4 (Biotec 
hnol. Lett. 13, 31-34, 1991) 

[0 0 2 8] 

£ ifi T*g 2> V$> ft it ft iz ffl m S ft & v * „ r © «fc e> & MM m>m& &&ZfWiB1g. 

[0 0 2 9] 

• li/i y k7 (Escherichia)M, (Baci 1 lus)M, S/a. - K^E^"^ (Pseu 
domonas)JH, -fe (Serratia)M> ^ Ut^ X $ U # A (Brevibacter ium)J||, 
HiJ^/^fM # A(Corynebacterium) J|> X h 1/^ h n y # X (Streptococci! 
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s)M, =7*7 Y A^-J]/^ (Lactobaci 1 lus) J§^tf)?iji: / ^ $ — ^<Z)HIJ#§$ tiT V 1 * <£> 
/Ptd aa 

• □ K3 >y ^j^(Rhodococcus)M, ^ h U^" h V>f -fc^. (Streptomyces)M^<£>?& 

• V y jjW?^ (Saccharomyces) 9 -4 ^D7 >f i2 (Kl uyveromyces) ^ 

, >>^/i^^^jnv>f -fe^(Schizosaccharomyces)M, ^ ^"9" y # n T-f i2 X (Zygo 
saccharomyces)^, -y U V -f 7 (Yarrow i a) Jp|, f> U D > (Tr ichosporon)^ 

, D FXaK U i/^ A (Rhodospor id ium)M, tT * 7 (Pichia)M> 3f "V > 7 s -f (Can 

d i da) mm <n m £ ^ * % - * © M?g $ *i r v \ * mm 

• y ^ n^./K^(Neurospora)M, 7X ^\)V^f)VX (Aspergi 1 lus)M, t77t3X 
U ? ^(Cephalosporium)M, h U ll^^Vdrichoderma)^^©^^^^ # - 

[0 0 3 0] 

CTfT^ ZliltfT'^S (Mxli, SambrookP,, =EU^Pa5- • ^n-r.>^, Co 
Id Spring Harbor Laboratories) „ ffi£.mM<b\%& iflC £ V^, ^^^©^Sft 

it. £-?m4ztiBtp'l*2c%.iZ&&"rz>-7 ; 5X$ K^ir*-$fett7 7-^^*- 

tc, «fc L<te#-^*-#-£3 , -'fMT§fsfC, ^ft^ftjffl^&ifctfj:^,, 

ic^d^-^-, ^-n-^-tLtli, ?§X£: LT3pJM-t*fit^*(cfe 
v^tftfB^S;ifcjWBe>n'rv^.5:7n i e-#-, # - ^ * - # - & M £ . 

LTii, Adv. Biochem. Eng. 43, 75-102 (1990), Yeast 8, 423-488 (1992), 
[0 0 3 1 ] 
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XS/rn U HTM. #{:^§fl^x'Jh7- n U (Escherichia col i) {C&V>T 
li, ^7^^ F^^^-tlt, MxJfpBR, pUC^y^Xi~ K5rfiJMT*£, lac( 
0 -iS'y^ h S/^-i?), trp( h U ^ h 77 tac, trc (lac, trptf) 

PL, PR^JCfi3frr&:7n^-*-^##JJaT?£5. 
#-^*-#-£LTte, tr P Afi3fc, 7 7-S?fi3fe, rrnB'J tff V - v;i/RNAfi* 

[0 0 3 2] 

/t^;i/^JStcfev^Tli, LTpUBllO^^X^ F\ pC194#:/^X 

fe, ^□ ; e~^-*fett^-^^-^-i:LTapr(r;^^u^'n^r-^), n P 

[0 0 3 3] 

i/n- K^^-^JSlCfeV^Tli, i/rL- K^Ef-X • :/^#(Pseudomonas putida) 
, K=E^-X • -fe A 2/ 7 (Pseudomonas cepacia) %g(Dffi£.s< V # — ^7^H8#§ 

A -if (#F^¥5-284973) »fc^##JmT*£ £ 0 
[0 0 3 4] 

:/l/H*A^>J 7AI, ^tcyi/tfA^frU *A • 9* ^ 7T _^ A(Bre 
vibacterium lactof ermentum) {C £ V>T tt, pAJ43(Gene 39, 281 (1985) ^CD:/ 

[0 0 3 5] 

3iJ^A^r'J7 #&C =T U * A * -f - U ? A • £Ob # ^ # A (Corynebacte 

rium glutamicum){c£VNT pCSll (#H§Bg57-183799h pCB101(Mol. Gen. Gen 
et. 196, 175 (1984)^0)^9;*$ K^* * -#5ftJ« «rfi*C&-6. 
[0 0 3 6] 
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7. h b^hn-y*^ (Streptococcus) a pHV1301(FEMS Microbiol. 

Lett. 26, 239 (1985), pGKl (Appl. Environ. Microbiol. 50, 94 (1985)) # 

[0 0 3 7] 

Ws*^;i/X(Lactobacillus)MfC£VATte, ^ h L/ ^ h 3 y ^^MffllCH 
38£*l£pAMi3 1 (J. Bacterid. 137, 614 (1979)) ^AM&JM HIB^fe *J , >^n 
=E-^-illT * |§S T'f Uffl $ *x T V a 5 =fc © #f IJM «TfB T* & -5 . 

[0 0 3 8] 

D ^^7X(Rhodococcus)M(C^3VATii, □ K^-y^X • D K*n#>URhod 
ococcus rhodochrous)^^-PH$tlfe^ > ^X^ F^t # -^tffrjjg BTfBT?&a ( 
J. Gen. Microbiol. 138,1003 (1992) )„ 
[0 0 3 9] 

h b:/ J* (Streptomyces) MlC£V>T tt, Hopwood^ ©Genetic Manip 
ulation of Streptomyces: A Laboratory Manual Cold Spring Harbor Laborato 
ries (1985){CiE«<2#i£{Ct£oT, ^7^^ K&iit6r 
, ^M/^h7^t^ • U (Streptomyces 1 i v i dans) &C £ V ^ T pIJ48 

6 (Mol. Gen. Genet. 203, 468-478, 1986), pKC1064(Gene 103,97-99 (1991) ) 
, pUWL-KS (Gene 165,149-150 (1995) JB "C £ «5- 7hU^bV^f 

■feX • (Streptomyces virginiae) (c£ V*T IH^Itf)^^;*. ^. K&ft 

ffl-f £3£l7^T*££ (Actinomycetol. 11, 46-53 (1997) ) „ 
[0 0 4 0] 

VyJ] u V^T -feX (Saccharomyces)M. #tC+r y # D V-f -fe X • tb^>7x( 
Saccharomyces cerevisiae) tCJS^Tti, YRp^s, YEp^u YCp^u YIp^^X^ 
#f fJ/TBTfg T* & »J , t*I iC# =1 tf - ~? 3 U V - ADNA £ (Dffi IHM 

&&7(.tr%\mi,tc.4y- : r?\/-$>aZ"<9 9- (EP 537456* if) 

fe, ADH(r;bn-;i/^^M), gapdh(^i) ■fe;i/r;i/T r n K- 3 - y >gftfltt* 

3§@§Mji), PH0(gH£7tf*7 7#--tf), GAL(0 h PGK(*;^ 

jJs^U-fe U- h=3r^--if), EN0(xy 7--^)^©^D^-^-j3J;r>*^-^ *- 
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[0 0 4 1] 

^7-f^n7-ft^I, #&C?^-Y^DV-<-feX • *yV/T<< ^.(Kluyveromyces 
lactis)&C;}3^T&, ify*n7>ft7 • tHfJ?7lfi3l52jBB^77 5 F, 
pKDl^^X^ F (J. Bacteriol. 145, 382-390 (1981)) , 3f ^ -fSttfCM# 
■t-^pGKHS3fe^^^^ F, ^^-f ^nv^-fe^JSJcfe^s gftifSliHS^KARS 

- h RTIg^^^^-y^^^ F (EP 537456fc4f) l»rfBT?&*. £ £ 

, ADH, PGK^CSfjfc-f s^n^-*-, *-* -^ff|fflRTI6"efeS. 

[0 0 4 2] 

t/ Vit y # n T-f "feX (Schizosaccharomyces) MSCfeV^Tte:, S/ VMJ" V 

2 $ -^tffflmvSMT°&2> (MoL Cell. Biol. 6, 80 (1986)) „ * fc, */W 
^DV^tX • stf>*<ffl3fc0)ADH:7n*-*-&£#jftJM , T?£5 (EMBO J. 6, 
729 (1987)) „. #{C. PAUR224&, ^Sat*^ £ rfrlfcS tlT £ *J iCflJMT* £ § 

o 

[0 0 4 3] 

^ ^^DT^-fe^I (Zygosaccharomyces) tC £ V n T ^ dTi*- y j& n V >f 
-fcX • U^^ri/ (Zygosaccharomyces rouxi i) E£5f£C7) pSB3 (Nucleic Acids Res. 
13, 4267 (1985)) if JC ftjfcf £ X ^ F^ * # -^#5flJJB «T|gT'& U , -»f 
>^D7^ft^ • -fe Utf ^TnifijR PH05 ^n*-*-, fiJ:0'f if^Anv 

-Y-fe^- a?3fi/fi5fe GA?-zr (trv-t jit jitKF- 3 -vywtffliyltm&mxn 

ZfU=E-#- (Agri. Biol. Chem. 54, 2521 (1990)) ^tfjfUM BTfBT&S. 
[0 0 4 4] 

fcT3P 7 (PichiaJJRlcfcV^M:, bf 3f 7 • 7 > # X # (Pichia angusta, [H£r : 
: stfU =EJ]/7 T (Hansenula polymorpha)) {c £ VNT?g£^ * # 

SStte^ (HARS1, HARS2) *5pJM "TtgT'&S^, JfclfcW*gcj£T?&S fc#>. 
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#/\©#3t:--f ytf%%)r*2bZ> (Yeast 7, 431-443 (1991)) 

o ;* # y -;b&^T*§§#£;fi£Aox (y;i/=i-;i/2r:3f s/#*-if) , fdh(^ 
M^^)©^ , n ; E-^-^^ijffinrtgT*$>^ 0 ^r-/uh'j^( 

Pichia pastor is) & £{C bf^ T ffijfc g ?M§gfC|ig-^-f (PARS1,. PARS2) 

^$:^JMb^^±^^^-^^^#§$tLTi3y (Mol. Cell. Biol. 5, 3376 (19 

85)) , mmmtgmn* * j -)^mm^^^\^m.\\^n^-^-mm^ 

£Z> (Nucleic Acids Res. 15, 3859 (1987)) 0 
[0 0 4 5] 

^■^yr-i # (Candida) MfCfeV^te, 3r -y y tt 4 # • \ — if (Candida ma 
ltosa), ^p-v y^r-< # • 7Jl/¥jiy7> (Candida albicans), 3r -V > • hU 

U X (Candida tropical is), ^ -V > rf -i # • #^;i/y<. (Candida utilis) ^ 

tt^r-VV^-f ^ • h-"9-*3feARS*^n- — (Agri. Biol. Chem. 5 
1, 51, 1587 (1987)) , Z. *l L ^ 9 Z - ifimft 3 ftT ^ S . 

>-rV # • ^;i/*{c&^Tte, Sfe&fM y^W- b z -( -fox? *-<d&Jj 

tf7U^-#-ifimmtlX^& (#P^08-173170) „ 
[0 0 4 6] 

TX^;b^r;i/^ (Aspergillus)MtC^VNT«> TXlJl • — if- (Asper 
gillus niger) , 7X^;i/^il/X • t 'J ^- (Aspergillus oryzae) ^^^JtT© 

fUMRTtB (Trends in Biotechnology 7, 283-287 (1989)) „ 

[0 0 4 7] 

h U 3^;i/-7(Trichoderma)JRlC33V^ti, h U Uf^l/V • U -i£->f (Trichode 
rma reesei) &#JM Lfc** h^* * Hft^-fe;!/^ -ifjUS^ 
fi^^n^E-^ -^^#(JMT*^-5 (Biotechnology 7, 596-603 (1989)) „ 
[0 0 4 8] 

tlTfcU, #fCg£ffl^£M& (Nature 315, 592-594 (1985)) , Ifcg, b V 
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[0 0 4 9] 
[0 0 5 0] 

L/^-^ K) fr^NADH GStuM/B-x 3f>7^ KS^S* i/*-^ K) &4ItS* 
[0 0 5 1 ] 

V* T £ CD|£$|y5£5 &C J: U NADH^v h S£ £ it, ^ W JC^MttiM^ 

assist-*- zxmitM@k-tz> a z<DMvm&&3&7Ti&m£te. Mmzmmmtv 

[0 0 5 2] 

±iHNADHft#ttjB7c»H5, *<DMitmmM. mmM<Dm^m^mt lx 

• A;b^-;H$:lIi:Lt7;^-;^4^t§ii (E.c. l.i.i.-) fc<fc 
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• %)itf>m*£M£ lxtjitk: F*£f&-tz>mm (e.c. 1.2.1.-) \z£& 

• fcmi%m^&ffi&zm7bLmm^m-mu&z£f&-tz>mm (e.c. 1.3.1.- 

C. 1.4.1.-) fC^S^r hMfr^T^ J m<D£.M 

• ^^ziMM^lc^&^D-r^^^icj: y j;*-;i/S:'^-r5as^ (E.c. 
1.14.12.-) jc «fcsr;i/^r>^?>2;*-;bo^jg 

[0053], 

rit, E.c. 1.1.1.- tc^SSti*«3Hi:LTtt, mA^r;vn~;i^m 

Hi, fe<fct5L-?Liftfltt*lS»^^tf E.C. 1.2.1.- »c^StiS»^i: 
Ltlt Mx.«7;i/rt KBttTKItSPiil^W E.C. 1.3.1.- tc^Sti 

tf?>tlSo E.C. 1.4.1.- (C^Stl^^H^ LTlt iA«7x-;i/77->li!i 

*m&m* $>m&tyiim&m* n^i/>m^mmm. te^xfr^-ywuk 
mmm^mf^n^. e.c. 1.14.2.- iz^m^ti^mmnLxit. mm^y 



[0 0 5 4] 
[0 0 5 5] 




2 6 
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jc>a l ^mucm? $ i±fc *> © t* & 5 . *#§0^ e n &??mmyitm&m<D&m<* 

[0 0 5 6] 

*^Wic«fcsr;i/3-^/©5S3S©M»i:?S:*^r h>«x bT&i, Gg/iJ £ *i 3 # ;i/ 
^x^-T-;i/©S^t;MJcS;{c j: (s)-4-;\n-3-t KD^i/iix^f;v^^s 

m&wmfbti* mci&m-tfftMicm^btiz>o ixf;i/i:it(t Mid * 

^;i/x*^-;k x^-;i/x^^;i/, ^ntM^f;i/, >fy^n^i^f^, 7 

fflv^tiSo hSfgftx^-f-;i/©i8l»#i: LTtt, Mill 2&£>fiil 

*L<tt#ii£&&£tfT;b*;i/«L Hit a^it^o^a^f > £i^tm# 

[0 0 5 7] 

it. mm^JV. m^zf^-jv. h;i/x>, ^dcijJwi/A. */#v\%-v-y. 
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l^ffiffiMtltH W^.«X-ny^/0T (Aerosol OT) &JSV^>fV 
[0 0 5 8] 

*smx*&& 0 tt&mo&m* -zommm. mm&¥&&timmvs* &zwz&m 
A^^-t^^w^^i/^A, m^?)im. jj<ur^ u;i/r^ K^es 

[0 0 5 9] 

^ 4-60°C, b< tilO-37°C. pH3-ll, #*L<ttpH5-8, ««aS0.01 

-90%, 0*L<tto.i-3o%"eff^^^*^s«a m^a^te-e^M/fc^ 
foizmft-t z>m&izi$ y fcj&RiZi&mizfo vtw&&md+& l < «NADH&o.ooim 

M-lOOmM, £?£L<&, O.Ol-lOaM^iU-rsril^T'^S. * fc, IfiiMJ*^ 
[0060]' 

4-An-3-tFn^ri/I|i^fJi/5:Mi:ttfflt4. £*ifcffi#J8t«, MJ± 

[0 0 6 1 ] 
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:£itK (Appl. Microbiol. Biotechnol. 44, 479-483 (1995) ) fB^©^"^^^ 

k pmcfdh (e-p) &v3?mn%7km&m(DV72u--yyzft^r=. a jcmmma 

7 ls-2±Bfr(Dfr$:? U- — > V-tZ>t=.$>iZ. MCF-ATG2 (5' - CTTTC 

TAGAGGAATTCAACCATGGCAAAAGTTCTGTGTGTTC -3' /S2#|## : 3 ) , MCF-TAA3 (5' - 
CAGTCTAGATTAGACCGCTTTTTTGAATTTGGCG -3' /fB#J$-)§- : 4) £-£j?£L£ 0 ^9 
K (pMcFDH (E-P) ) l:^lhlTv PCR (95°C , 45#, 50°C , l£\ 75 "C , 7 
#) £30-9- -f V\ #MW^ififgDNA$:^fe 0 # ^tl^DNA^^ £NcoI hXbal 

©2SjS©MRB»^T?— fi^bUfeo 7^><.$ # — PSE420D (#^2000-18 

9170) SrNcoIhXbalT'ZlfiM'fbU MMiT*— fitHftLfc PCR ifipg DNA 
T4 DNA 'J^-¥tiilSU PSE-MCF15 ^7^U*7>^?: 01 (EI 

: PSE-MCF15) IZy*-?* MA DNA Wf^©*ltSBB^I©»«f Srff o fc3K^, 

£gffi#J&McFDH-0RF (BJ#I## : 1) IC, gtfftfc^tf 3 - S # > A * 
7$ /IftfB^J&McFDH-ORF-p (BB#I## : 2) tC^"T 0 
[0 0 6 2] 

-t-V l/-A©2*£PCR? 0-x>df^5fcfelc, y^-fT-KAR-BSG5-3 

(5'- TAATCTAGAGGAATTCAATAATGGATCCAACAATGACGTTTC -3* /|B#!#-^ : 5), KAR- 
BSG3 (5'- TAGAAGCTTAAGCTATTAAACGCAAGTGTACCCAC -3' /@B#f## : 6 )£-£•*£ L 
pSE-KARl (#H§2000-236883) ^iShlt, PCR (95°C , 30#, 50°C , 1# 
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, 75°C, 5#) &30-fr>f ?;W?V\ #MW<cif(gDNAS:#fc 0 f# <b *l£DNAi$T>t & 
Xbal, HindIII©2o©MIS»5l|T?— fi^fcLfe. HJfiM 1 T?«MB L tz. V>f =1 A* 
-rU^A A'^*lfi*=3fil*Iil$:^fa^7X^ K PSE-MCF15 &XbaI, Hi 
ndIII©2o©$fJ|«?SiT*M'fbU R»SlT??i'ffc^fePCRlti|@Wf^S:T4 DNA U #- 
if T'^M U 3rM*itgli§ £ # ;i/JJ?-;i/3a7C»^l £ RWclBSi "Tffifc ^ ^ ^ ^ 
KPSFR415 *mt=.o -J^T.K K pSFR415<7)"7y^*0 2»C^f . &Zf?X$ K £ 
^"t*^Uill(JM109(pSFR415))li, 1 2^1 1^1 0 H tftfT*#C(Z> J; o SCW 

: 0*B^«!Ro<tf**lTBl#3# (gS«#305-8566) 
^f£0 2^1 1 H I 0 H 

SfES-f Mlffl 8116# (FERM P-18116) 
[0 0 6 3] 

[»J3] 7>f3>^fU9A Ay*aia3fe^|ftfl}i*3Sip3R^<Z>PCRlCJ:S 

^f^nv^t^ 7x^fa7'J ffi5R©^;i/^-;i/5t7tP^©^5§^^^ ^-PSF 
R415£*,£;&CLT, V-fnA^D^A A y # x a3R^lftfla*fSiP^©6fi©Cy 
s £ Ser^^ ^ V - h L T MCF-ATG3 (5' - CTTTCTAGAGGAATTCAACCAT 
GGCAAAAGTTCTGTCTGTTC -3' /ffi#f#-^ : 7) 256&tf)Cys£Ser/\^x.£ fctf) 
®^7^fV-i:lt McFDH-7mut01 (5' - GTATCCGGTTTGCGACGTCGTGACGCTGAACTCCC 
CGCTGCACCCCGAA -3' /BBW## : 8 ) , McFDH-7mut02 (5' - TTCGGGGTGCAGCGGGGA 
GTTCAGCGTCACGACGTCGCAAACCGGATAC -3' /IB#I## : 9) £-£j&L£ 0 JM> 6££ 
<DCys$:Ser{cB^^x.^>Zli: $rC6Sh^IBt" S. mid^tf, 256&<DCys£Ser 
izmx.t~m&\Z. C256S^^fB$tl^o 
[0 0 6 4] 

"^^^^ KPSFR415 ZmMtLX, ^7-f7- MCF-ATG3, McFDH-7mut02 (DiE 
V h-te^Tf-J^^*?- MCFDH-7mut01, MCF-TAA3©-fe v MCiUlst PCR (94°C , 



£f}fl#2 001-3110443 



#2 000 — 363894 



30#, 50°C, 30#, 12°C, 30^\ £?To£ 0 M^T, 1st PCRJC£ 

U^I£*l£DNAifr#£#3ER, zI-£U ^7^7- MCF-ATG3 {U¥m^ : 7) , 
MCF-TAA3 (iH^J## : 4) £#P/L, 2nd PCR (94°C , 30©, 50°C , 30#, 72°C , 3 
0#, 25-9- A V ;b) Sr^foTto #£*l£PCRififiI®T#£NcoI > Xbal CD2otf)fM|5W 
^T^MM-fbLfe,, pSFR415£ Ncol, Xbal <D2o(Z)0J|«ii§T^fi$Hb U IKJSI 
llT*MfbL£PCR^ipII^#£:T4 DNA U ifT'igijiS U C6S, C256S(D^#|0#A 

$ {c5§jgRrig^y^x^ Kpsfr 
411 *mt~» n^ntc^^T.^. wi&mmmcDMffizfi^. mm^mx^nx^ 

[0 0 6 5] 

[HS&M4] C6S, C146S £ «£ C256S^M V 4 ?A 7\'7Axfi*^ 

S^»J3 T'^^tlfe^^X^ K pSFR41l£=fc£{CLT, 7-fn;^r'JfA 

T, MCFDH-12F (5'- CGGAAGTCACCTACTCAAACTCGATCAGCGTCG -3' /IB#I## : 1 0 
) , MCFDH-12R (5' - CGACGCTGATCGAGTTTGAGTAGGTGACTTCCG -3' /i2#J## : 1 1 
) £l^£L£o 

[0 0 6 6] 

7^*^ KpSFR41l£^M£ It, Zf'y^fT — MCF-ATG3 (IB#J#-5§- : 7) , McF 
DH-12R (SE?'J## : 1 1) V>MLV V £ J: XS-^=y -f V-McFDH-12F (MH^J#-^ : 1 
0) , MCF-TAA3 (@B#|## : 4) <Z)-fe y hfC J: U 1st PCR (94°C , 30#, 50°C , 3 
0#\ 72°C, 30#, 25-9--f^;i/) £?To£ = ife^T, 1st PCRfC J; »J ififig^ nfeDN 
A|$t#£#2R, M-^-L, y^-TV- MCF-ATG3 (SB#J#-S§- : 7) , MCF-TAA3 (@B#J 

: 4) 2nd PCR (94°C , 30#, 50°C , 30#, 72°C , 30#, 25+M ^7 

;b) £fTo£„ #^tlfcPCR^g^T^$:NcoI, Xbal tf)2o (DfdPWmT'^SM'ft: 
L£„ pSFR41l£ Ncol, Xbal ©2o ©^JPSMfT^MMfl: U iTO^IT'Mfl: L £ 
PCRifi{ig$T#$:T4 DNA U#--tf-e^j^U C6S, C146S, C256S<D^M#>#A£ *l 

fe^H^^M^^;u^-;bjl7c^?:|Bi^(c5gJipT|g^^^x^ K P SFR4i2 



miiE#2 001-3110443 



#2000—363894 



[0 0 6 7] 

C6S, C249S&J:?> < C256S^Mx^=lA^U j&xffisfedf 

T^^tl^y^X^ K pSFR41l£&h}CLT, T^a/^f'J'JA 

T, McFDH-13F (5'- GACATGTATCCGGTTTCTGACGTCGTGACGCTG -3' /BB#|#-£ : 1 2 
) , MCFDH-13R (5' - CAGCGTCACGACGTCAGAAACCGGATACATGTC -3' /BB#|## : 1 3 
) 

[0 0 6 8] 

KpSFR41l££#M£: IT, :/^>f V-MCF-ATG3 (HJ#I## : 7 )' , McF 
DH-13R (@B?rj#-5f : 13) £>-fe y h £ itfy^^f ^-McFDH-13F (IB#[## : 1 
2) , MCF-TAA3 (BB#[## : 4) <Z)-fe y MCfc »J 1st PCR (94°C , 30#, 50°C , 3 
0#, 72°C, 30#\ 25-y-4 9n/) Srff.ofe. iKv^T, 1st PCRtC J: U ififig£ ftfcDN 
Attftffc^JR, ii-a-L, ^7^fV- MCF-ATG3 (BB^J## : 7) , MCF-TAA3 (|B#J- 
: 4) &JD>L, 2nd PCR (94°C , 30#, 50°C , 305$, 72°C , 30#, 25iJ--f # 
£?fo£ 0 #&*lfcPCRJ©(6Wftf SrNcoI, xbal ©2o©fflJ|8#iliT 
L^co pSFR411£NcoI, Xbal tf)2o ©fMPSMIl? -ffiMffc U m&M"e%Ht L £P 
CRifi|r§f$T#£T4 DNAU #-1? T'IMb, C6S, C249S, C256S©^M©^A$ 
¥Bftfl87K^»^fc*^^-^a^*lSS:RI^tc«3S-5riBJ&^ , 9^^ FpSFR4l3 & 

[0 0 6 9] 

CHASM 6] C6S, C256S& J: 0<C355S^V-f 3;^f'J ?A 7ty*xfi*^ 

^tifev^^ K pSFR411£*j£:{CLT\ v^fn/^rU^ A^v^xfi 
*^m^^©355fe(DCys$:Ser/\^A-5>^^«)^ , ^>r , T-i: LT, McFDH-1 
4F (5' - CGAGATCCTGGAGTCATTCTTCGAAGGCCGTCCGA -3' /BB^(I## : 14) , McFDH 
-14R (5'- TCGGACGGCCTTCGAAGAATGACTCCAGGATCTCG -3' /BB#I## : 15) 
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[0 0 7 0] 

7^X5. KpSFR41lS:»Mi:LT, zfy^i V-MCF-ATG3 (IB#J## : 7) , McF 
DH-14R (m&m^ : 1 5) <Z)1Z-/ h J: t>V^-T V-McFDH-14F (fB#I## : 1 
4) , MCF-TAA3 (IE?rj## : 4 ) CDi^y MCfcUlst PCR (94"C , 30#, 50°C , 3 
0#, 72°C, 30#, 251M*;i/) feffofc. if^T, 1st PCRIC J: »J Jfipl£ tifcDN 
A#T#£#f*, M^U MCF-ATG3 (BB^J## : 7) , MCF-TAA3 (H#J 

: 4) fcflU;*., 2nd PCR (94°C , 30#, 50°C , 30#, 72°C , 30#, 25-fr>f # 
;b) feffofc. #f>*lfePCRi|r*SWr^rS:NcoI, Xbal <D2-D<Dfflmm$k"e-nMit 
b£ 0 PSFR411& Ncol, Xbal (D2-D (Dfflm&m'V ^Mmit U . HHSIillT'M'ft b 
PCRif(il$T#£T4 DNA U # StJigU C6S, C256S, C355S(Z)^J|tf>#A£ *l 
£ 3f M3Kit@m £ * ;i/ jK-;i/jg7n»m & RWclBSi nfffifc zf? X * KpSFR414 

[0 0 7 1 ] 

T?*#e>*ife:79;*5 KpSFR4ii&%i:lc IT, 7>f □yt^f'J ^A /t 
^^xffi5R^r®E^7K^^©6fe$rAla/\^x.<5fe^CD^ , ^-rv-i: IT, MCF-41 
6F (5'- ATGGCAAAAGTTTTAGCTGTTCTTTACGAT -3' /@B#J## : 16), MCF-416R ( 
5'- ATCGTAAAGAACAGCTAAAACTTTTGCCAT -3' /BB#I#-if- : 17) I, Mzf^^C^- 
tlT, 170F 5'- GGCAAATATTCTGAAATGAGC -3* /BB#|#-£ : 1 8) , MCF-777R ( 
5'- TCACGACGTCGCAAACCGGA -3' /@B?'J## : 19) &-£j&L7c 0 
[0 0 7 2] 

^"^^^ KpSFR41lS:»S!i: IT, :/5MV-170F : l 8) , MCF-4 

16R (I2#J## : 1 7) ©-fey h$3J:tf^>fV-MCF-416F (@H^IJ#-^ : 1 6) 
, MCF-777R (@B#J## : 1 9) GD-fcy MCI: y 1st PCR (94°C , 30#, 50°C , 30 

72X1, 30#, 25it-f^;i/) £?To£„ M^T, 1st PCRtC «fc »J ifips£ tl^DNA 
i9t#£#^, M-^L, y^-fV- 170F (MB^JS# : 1 8) , MCF-777R (fE#I# 
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-5f: 1 9) £#[JX., 2nd PCR (94°C , 30#\ 50°C , 30#, 72°C , 30#, 251?- ? 

#£*l£PCRJfifiII#T#£NheI, BglII©2oOfUPW0T*zlfiM-fb Lfc. pSFR41l£ 
Nhel, BglIICD2o©«!llS*5ll^— fiM^ffcb, IHMiT'Mtt; L £PCRif fig lift # £T4 
DNA 'J^-ift'l^U C6A, C256S(D^M^)#AStl^^M^^i:^;i/^ 
-;i/«^^$:lll^{C|§JinT|g^'/^^^ KpSFR416£#£ 0 #£>;ft£^;^ 
K © &SBB#I © Mm & *? v \ #3* A 3 *i T S £ & fi£38 L £ 0 
[0 0 7 3] 

[Hli8] C6VfeJ:tJfC256S|E||V>f zrA^'j /W#xfi3fc3fBfcflB#5& 

HJ605 3T?#£>*l£:^XS KpSFR41l£ : &£{CLT, 7^f3;^f 'J^Z^ A 
^^xffi^^H^^^»6^$rVal^\^x.-Sfe«?)(D^ , -v-rv-i: LT> MCF-41 
7F (5* - ATGGCAAAAGTTTTAGTAGTTCTTTACGAT -3' /1B#I## : 20) , MCF-417R ( 
5'- ATCGTAAAGAACTACTAAAACTTTTGCCAT -3' /BB#J## : 2 l)&-£j&Lfc 0 
[0 0 7 4] 

^v^^ .KpSFR411&»S!£ Lt, ^^-fV-170F (IB#J## : 18), MCF-4 
17R (fB#f## : 2 1) h £ «fe >f V-MCF-417F (IB#I## : 20) 

, MCF-777R : 1 9) (7) -fey MC<fc*Jlst PCR (94°C , 30#, 50°C , 30 

72°C, 30#, 25^-f#;i/) Srffofc. i^T, 1st PCRJC «fc »J if(SS tlfeDNA 
©T^?:#^, «-£U 170F (B2#l## : 1 8) , MCF-777R (BB#f# 

1 9) 2nd PCR (94°C , 30#, 50°C , 30#, 72°C , 30#, 25-^4^ 

;i/) £?7ofe„ 

^^fePCR^flSErtf £NheI, BglII<Z)2o<D$0|5Wi!tT*-fi}'fHb Ufc. pSFR41l£ 
NheK BglU<D2-D<DMV&&m-e^mffiitls* iM^T'Mfl: L ^PCRffiPSISTtf &T4 
DNA U #-i?T*3gMU C6V, C256S©|EM<O^A3tlfc^fSftfltt*^»^^*^/JK 
— ;i/38^&^£H#iC38^«TfBfc:79.X 5 KpSFR417&*#fc. #^^1^^^^^ 

[0 0 7 5] 
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mmmcDmm 

V*n:ft5R^fiftflK^C5g»SI©256fifcS:Ala/\|EA*fe«)©^^>f V-h IT, MCF- 
418F (5' - GTGACGCTGAACGCTCCGCTGCACCCC -3' /@E#J## : 2 2 ) , MCF-418R (5 
'- GGGGTGCAGCGGAGCGTTCAGCGTCAC -3* /IB#I#-J§- : 2 3) L£„ 
[0 0 7 6] 

KpSFR41l£g|M£: LT, ^7^fT- MCF-ATG3 (BJ#I#-£ : 7) , MCF 
-418R (@B#I## : 2 3) ©-fey h £ «fc £>V^ >f V-MCF-418F (fB?'J#-Sf : 2 2 
) , MCF-TAA3 (HB?[J## : 4) y MCfc »j 1st PCR (94°C , 30#, 50°C , 30 

#, 72°C, 30#\ 25-9->f^;b) £?fo£ 0 i^T, • 1st PCRJC «fc »J tlfeDNA 
#T#£#ft «B"&U ^5^7- MCF-ATG3 (Sg?!J#-j§- : 7) , MCF-TAA3 " (ffi^rj 
: 4) Sr^Dx., 2nd PCR (94°C , 30#, 50"C , 30#, 72°C , 30# v 25iM # 

#e>tlfcPCRJf(gWT^rS:BglII, Xbal ©2o©^JP^^T*z:fiM^ L fe D P SFR411 
SrBglll, XbaI©2o©M|5M»T'ZlfiM^L, HS^Mft LfePCRffilgmtf &T 
4 DNA'J #-ifT*^U C6S, C256A©gEM©^AS4xfeA f iftfltt*3SaPlRi:35jA' 
3K-^3g7C»|RS:HI^JC»3Snri|J&^ , 9^^ KpSFR418£#£ a 

[0 0 7 7] 

immW 10] C6S& «fc t>*C256V^Mv-T * 7" U A EfJ3fc¥Ifcffit 

T-ff^ti^y^X^ KpSFR411S:t)i:tcL , r, 7>f3;^r'JfA ^ 
V*xfijR^fi8ffit*^»^0256ffiS:Val^|E^Sfe«>©^^>rv- £ UT, MCF- 
419F (5' - GTGACGCTGAACGTTCCGCTGCACCCC -3' /gB#I## : 24) , MCF-419R (5 
' - GGGGTGCAGCGGAACGTTCAGCGTCAC -3' /BH^J#-^ : 2 5)&^lfc 0 
[0 0 7 8] 

^^^^ KpSFR411&»g!i:U"C, ^7^7- MCF-ATG3 (ffl#J## : 7) , MCF 
-418R (fE#I## : 2 3) 69i?y h £ J: t>*^ 9 >f V-MCF-418F (IB#J#^ : 2 2 
) „ MCF-TAA3 (IB#I## : 4) CD i? y h iC J: »J 1st PCR (94°C , 30#. 50°C , 30 
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72°C, 30#, 25-9--f^;i/) |^T, 1st PCRiC J; U ififig£ *l£DNA 

l£r#£«*, MH"U MCF-ATG3 (@B?lJ## : 7) , MCF-TAA3 (fB#J 

: 4) Mx., 2nd PCR (94°C , 30#, 50°C , 30#\ 72°C , 30#, 25"9->f ^ 
;b) =Mto£„ #£*l£PCRigipg|#r#&BglII, XbaI©2o©ffJ|5S^T'ZlMM^ 

psFR4ii&Bgin, xbzi<D2-D<DfflmBmT*r.mmtL. mmrnvmitLtcP 

CRffipg»r^$:T4 DNA U#-ifT*^U C6S, C256V©^M<Z>2gA£ tlfc 3rM 
7K^^i:^;i/7K-;bM^:^S:|WI^{c|g^|g^^9X^ KpSFR419 

[0 0 7 9] 

immmi n ci46s^nv-f ^^fj^A A>y*ifl*¥iwiii© 

^JgM2T'^L^pSFR415$:BglII, BsrBRI©2oC0MPS^T'M'ft: U X# 
^-;i/tfc^> 7#D-*«^C$cRf$:?fV\ $j6kbp Uffil, Sepha 

glas BandPrep (Amersham Pharmacia Biotech^) \Z J; U =ff§g> HJlfcLfco HJfe 
M4tfiLfe pSFR412S:BglII, BsrBRI©2o©ftJ|5»|jtT-M'ft U x#y-;i, 
7#n-;*SIICMft&?TV^ ^J0.4kbp C7)/1> Kfc^UffiU Sephaglas 
BandPrep (Amersham Pharmacia Biotech^) J: U ¥f EUKl/fc,, MDNA^t^ 
5:^mol-roM-a-L, T4 DNAU ^f- if T'»l§ L, C146S^M<£>#A£ ¥11* 
^^h^;b^-;b3l7T:^$:|Bl^{C|§iiHrtg^y^^^ FPSFR420 # 

fc. 

[0 0 8 0] 

[M12] C256S«v-r n;^f'J ?A Ay^xfii&^BfofciiiMitf) 

H»J2T'^^bfepSFR415$:MluI, BsrBRI<Z)2o ©ftJ|«i§T'M<ffc U X*./ 
T^fn-^*^t&$:^V\ J|$1.5kbp<Z)A> K£^U fflU Sephag 
las BandPrep (Amersham Pharmacia Biotech^) <fc »J ff8£L EJlKl/fco HJ&M 
4T^SIbfe pSFR412£MluI, BsrBRI(D2c>(Z)f&fJ|5I^ij|T*$Hf; U X#y-;Uft 
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m%k. T3fU-7>m%L?kM : kfti<\ ,1$4.8kbp 0Ay K £^ »J m U Sephaglas B 
andPrep (Amersham Pharmacia Biotech^) HJfl2L£„ I^DNA^ritS: 

^mol-f^M-a-L, T4 DNAU #--t?T*MMU C256S^M<Z>^A2 3rM7Kit 
^^^J^^-^itTC^^ISI^tC^BTtg^^x^ KpSFR42l£#£ 0 

o 

[0 0 8 1 ] 

[»J13] C146S33 <fc tJ r C256S^M*v' 3Ai?f'J ^ A A y # X ft 5fc 

H}gM2T'«|lbfe pSFR415£MluK Bgl I ICD2-D <Z)M»i?iT*Mft: U X#7 
-^i3fcJ8«, ytfn-^^efcgfrfc^W ^1.3kbp©A> Jffib> Sephag 

las BandPrep (Amersham Pharmacia Biotech§g) (C J; «J #8^, EUKLfco HI&M 
4 T*«iilL£pSFR412£MluL BglII©2o(Z)f(||5S^T'mfb L, X#/-;i<ft;|g 
^, TtfU-xm^faMZft Va, $j5.1kbp<£>A> K&f (Jffib, Sephaglas Band 
Prep (Amersham Pharmacia Biotech^) {C J: D ¥f§g, HURb^ 0 MDNA$T# £^m 
ol-roii-^b, T4 DNAU^-ifT-a^L, C146S, C256S^J|tf)#A£ *l£ *?WtB 
TKm^il^^^-^si^m^lBl^fC^Jinrig^^^^^ KpSFR422£#fc 0 

[0 0 8 2] 

[HI^ji4] C256V^J|v-f n;^f'J ?A /^y^xfi^^M^^© 

H»J2 T*$tiSL£:pSFR415£MluI, BglII(Z)2o©frjPW^T'M^ U X#7 
-;i/tfcJ8ft 7#a-x«j^3<ifr£?fvv »&1.3kbp ©/OKfcWUffiU Sepha 
glas BandPrep (Amersham Pharmacia Biotech^) iCiU^fl^ M^Uhfco MM 
Ml OT'Umisfe pSFR419£MluI, Bglll(D2-D(DMMMM'VW'it L, X#y-;i/ 
T#n -^S^ci&fcff^ Jf««j5. lkbp fflA>F?:«ija}L Sephaglas 
BandPrep (Amersham Pharmacia Biotech^) iC^UHSg, EHKLfco MDNA$T# 
Sr^mol-foM-^L, T4 DNA U#-1?T*3&MU C256V^J|tf)^A £ *l £: 3rM 



2001-3110443 



#2000—363894 



Tkmmm t-tD^-^Tmrn * mmz^m^m^ -t 9 * s kpsfr423&#£ 0 

[0 0 8 3] 

[^ffiWl 5] C146S;}3J:£>*C256V^M^-f □^'^f U ?A Ay 3&xffi3fe3rgft ' 

HJ6M2T?«liSibfepSFR415S:MluI, BglII(22oCDMI5H@£iitT*mrt; U X#y 
7#B-*«C*!&&f?v^ m.3kbp tf)A> KMUffiU Sepha 
glas BandPrep (Amersham Pharmacia Biotech§g) lC«kU#Sg, ElJtXLfe„ 
#|4 T*«iSL£pSFR412£BglIL BsrBRICD2o©0J|5S^T'M^ U x*y-;i/ 
ifcj8#L 7#n-X«^C&gfr£?TV\ *t0.4kb P © A> KSr^J *J ffi U, Sephaglas 
BandPrep (Amersham Pharmacia Biotech^) {CfcUftSg, EURLfeo HJfeffil 1 
0 "e^^bfe PSFR419&M1UI, BsrBRI<Z)2o©0J|55P^T'M^b, X#y-;i/fcfc 

7#n-;*«&*S&5:fTV^ ,ftj4.7kb P (DAy K&« l JffiL, Sephaglas B 
andPrep (Amersham Pharmacia Biotech|g) JCfcUffSSL tSUXb^c PfDNAWr-Ji & 
^mol-ro^-^b, T4 DNAU #--fcfe^U C146S, C256V^M#)#A£ 3r 

m7K^#^*;l/5Kx;^s^:^§!llI^^c#§^E-5r|g^^ , ^^^ KpSFR424 

[0 0 8 4] 

[Ulil 6] C6 A £ £0*0256 V^MV-f n/^f'J ? A y # X fi^M 

HJfiM7T?$t^LfcpSFR416£MluI, BglII(Z)2o(D$fJ|5S^T'^b U X#y 
-;i/ifcJ8ffc* 7#n-*«^?fcS&£fTV\ ^J1.3kb P <Z)/X> K&^jy tfJL\ Sepha 
glas BandPrep (Amersham Pharmacia Biotech^) tC <fc »J JRf$SU EUlXbfco HJfs 
M 1 0 ^flt^LfcpSFR419S:MluI, BglU<D2'D<Dfflm&M"Zfflitl'* X#y-;b 
VlM&i. T^U-^m^m^n^\ #<j5.1kbp <DX> K&^'JffiU Sephaglas 
BandPrep (Amersham Pharmacia Biotechjg) &C<fcU¥f§g, EJIRL£: = MDNA$T# 
fe^molfoig^U T4 DNA U #- if T'iS;^ U C6A, C256V^M<7)3iA2 tl^^r 
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m$%7kmBm£% )itf-jimfbmm*mmz$&m"im&-7^ x $ kpsfr425 

[0 0 8 5] 

IMMffll 7] C6A, C146Sfci:t>*C256V^Mv-r nA^^V V A A'^xft^ 

Mt&MTT'MmLfe pSFR416£MluI, BglII(Z)2c>©0J|5g@pijiT*Mft U 
-^ftl^, 7#n-X«^C&ifr£?T W ^Jl.3kb P CDsiy Y?$:tf] U ffi L, Sepha 
glas BandPrep (Amersham Pharmacia Biotechgg) {Cj;U¥t§^ ©JlXbfco ^V* 
T*, T^HLfepSFR412$:BglII, BsrBRKD2o©MPW^T'M'ft: U X 

y^n-^^ifrfc^V^ ,^0.4kbp(Z)A> K£^U ffi U Se 
phaglas BandPrep (Amersham Pharmacia Biotech^) fCjcUffS^ tHlRLfe,, £ 
£ tCHi&M 1 0 T**ii§L£ pSFR419£MluI, BsrBRI(7)2o©f(II5S^^T'^t: 
x#y-;i/£fcjg^ 73fu-xm^fam*fti<\ ^4.7kb P ©A> U m U 

Sephaglas BandPrep (Amersham Pharmacia Biotech$g) }C<J:U*fS§, ElKXLfec 
MDNA^T^&^mol-f ol^ l, T4 DNA'J ^f-if ^jSM L/, C6A, C146S, C256V^ 

mom a $ ti £ *rmB*mmm t * ^ # - jvmfbmm & m ^ ^ ^sm & y ^ * 

* K P SFR426£#£ 0 # £ *i£ ^ * ^ K©&M#Itf>§Mft &fr mmtfMA 
2nX^Z>Z.£*mMLfc 0 K£^-fS*B§S(JM109(pSFR426)m, 
2^1 1^ 1 0 0tfttT-#;<DJ:e>&cWf£L£: o 

&T£ : H*fflMo<raiTgl#3f (g${g:g:-5f 305-8566) 
WftH ¥^1 2^11^100, 

^ft## 4Mlfil8117f (FERM P-18117) 
[0 0 8 6] 

[H»J18] 7^n;^T'j-?A A -y A x t ^ 7 ^ ^ 
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£$ttisigi& (IX A^bh'J^hX 0.5% A? h-BStfx**, 1.0% &-ft^- h U 

7^M^5;^K (J^T, IPTG) £MU ££tcfg#b£„ a^SrjS^IKtC 
«fc*J^a^ 0.02% 2-*)l%7 }>rL# y lOmM X^ U > ^ 7 ^ >^ h 
Bflft^-*- h U tfA&^fr lOOmM U U ? (pH 7.0) IClil, ffi 

»5£®Wiffi8fc«J^SUCD-206TM (3^^A>f*5S) £^T3#|g*Q.8H-5££ ,, e 

^^jgtiGDaffjSfct* Bio-Rad Protein Assay Kit (Bio-Rad Jg) fcfflV^M^L 
fe„ ^iH#>/^fl£ LTli, Bovine Plasma Albumin£M V^ 0 #llg|^L^:® 

[0 0 8 7] 
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I 


j j 




U/mg-protein 




6-Cys 


j 146-Cys i 


256-Cys 


FDH 


' ECAA-R 


pSFR415 


Cys 


I Cys | 




Cys 


1.46 


j 1.99 


pSFR412 


Ser 


j Ser 




Ser 


0.127 


j 2.15 


pSFR41 6 


Ala 


* ••••—••*••■••*•••••- 

1 Cys j 




Ser 


0.751 


| 1.85 


pSFR417 


; -'Val : ,v; : 


1 Cys | 




Ser 


0.659 


[ 1.56 


PSFR418 


Ser 


: i 






0.193 


j 1.35 






pSFR419 


Ser 


I Cys 




0.258 




PSFR420 


Cys 






Cys 


1.22 


j 2.68 


pSFR421 


Cys 


1 Cys 




Ser 


1.40 


2.61 


pSFR422 


Cys 


i 

i Ser ; 




Ser 


0.960 


4.35 


PSFR423 


Cys 


j Cys 


" Vai 


1 .47 


2.08 


pSFR424 


Cys 


Ser 

: 




Val . 


0.967 


2.13 


PSFR425 


;Ala 


:\ Cys 


: Vai 


1.16 


j 2.05 


pSFR426 


IllHiji 


;H Ser 




: Val' : 'y 

• » 


0.716 


1.66 



I 



[0 0 8 8] 

, *9>f /<av>f rx^f ^7 U fi^^^^-^ljcff OSft?: ECAA-R 
[0 0 8 9] 

C^56M19] **4^uWtWU Ay % ^to&^WttSUkl&m&to 4 - ? n 
D7t NiS^x^-;b!H£©t|/£ 

^ilttiii© 4 - n D 7 1 h iixf Mtt^il^?;, 8t# 
^tlfc^jffi^^aO^lftfltt^^lOinU, 20/imol 4 - ^/ d n T iz NMx^;i/ 
, lOOmM U ^K*U f AjaHf?K (pH 7.0) 35 J: * jCSjbUOO/iglC&S J: 

-JlCBovine albumin (Fraction V, Sigma§g) £-^&?§?£f£-e25 0 C, 20#-fS*£f£ 
, 2.5/imol NAD+, 100/imol *cM± h U # A £#DX.> 340nmtf)P&3'£ / gtf)^'ffc:i; £ 
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V^fFTf, 25°C, 20^^, 20 / amol h»Slf ^ 2.5 At mo 1 N 

AD+, IOOahoI^^- h U ^A&^OX., 34Onm0t®^M©^b4 -5 £ T* 

[0 0 9 0] 

a^tf)^^i£'f4£ratio{C;^l/T&£ 0 256&£>Cys£Ser\ Ala, Valfc^x. -5 3 £ 

[0 0 9 1 ] 
[3£2] 





D uyo 




^oo-v_>ys 


ratio 


pSFR415 


Cys 


1 c y s ! 


Cys 


7.43% 


pSFR412 


Ser 


! Ser i 

: : 


Ser 

■ 


116% 


pSFR416 


Ala 


1 Cys j 


Ser 


97.4% 


pSFR417 


Val . 


l\ Cys I 


Ser 


92.1% 


pSFR418 


Ser 


1 Cys | 




120% 


pSFR419 


Ser 


j Cys j 


■ Vd| 


94.0% 


pSFR420 


Cys 


! Ser I 

i = 


Cys 


7.67% 


pSFR421 


Cys 


! Cys ! 

• • 


Ser 


99.3% 


pSFR422 


Cys 


! Ser j 

i : 


Ser 


118% 


pSFR423 


Cys 


1 Cys \ 


; Val V. 


100% 


pSFR424 


Cys 


1 Ser [ 


:•!. Val • ; 


104% 


pSFR425 


• ■ Aia;;; 


^ Cys | 


- . 1 Val' * • 


94.5% 


pSFR426 




Ser I 


: Val 


108% 
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[SHMJ2 0] V-f 3;^'f'J tfA /t^lfl|«*|||fflS|lf 

[0 0 9 3] 

[0 0 9 4] 
[*3] 





6-Cys 


! 146-Cys 


"ii 


256-Cys | 


ratio 


porrv41 5 


Cys 


Cys 


; j 

: i 


Cys | 


121% 


nCCDyl -i O 

porH4l <d 


oer 


• 0.-,i- 

oer 


| : 


ber | 


225% 


pSFR416 


A'a 


% Cys 


!| 


Ser ; 


109% 


pSFR41 7 


' " Val 


.; Cys 


j ; 


Ser | 


105% 














P SFR41 8 


Ser 


j Cys 


:r~ 


Ala ,1 


125% 


pSFR419 


Ser 


Cys 


..;.< 


Val , 1 


110% 


PSFR420 


Cys 


Ser 




Cys 


181% 


pSFR421 


Cys 


! Cys 




Ser j 


125% 


pSFR422 


Cys 


j Ser 




Ser 


224% 


PSFR423 


Cys 


Cys 




Val • 


1 1 1 % 


pSFR424 


Cys 


j Ser 


*£: 


\Val ; 


185% 


pSFR425 


Ala 


11 Cys 




;,' : Vaf . \ 


111% 


pSFR426 


Ala- 


II Ser 




•Val " j 


208% 



[0 0 9 5] 
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[H»J2l] Mm*.*mmiz&& (s) -4-^Dn-3-tKD3f« 

^^■^^.^ Ktcj: vBmm.mznfe*mmmiioffi;zmfaLmi&izmmL. 3o°c 

T*Jf«ig»L£^, (2% A* h hU^N>, 1% A* h-»Sx*;*, 1.0% 

M^-hU^A, pH 7.2) JCffi^U 30°CT'M^*^, IPTG&S&fl&U 5 ^ iC 
*g#L£ 0 #<b*ifc;*:M£JISU £*i&Mv^T4 -^nnr-fe hBmx^;i, 

[0 0 9 6] 

m&tii2QmLi:ymmi>fc&jzmm. soom&v v v (ph 6.3) , 3 

% Hnn7t NMx^-;i/, 365mM^|ft^-h U ^A&-^tf20mL(Z)iRjS?RS:, % 

ffi -9" 3000 5%, gfls ^n^y^^ W (60-80mesh) AW-DMCS (Thermon 300 

0 5% chromosorb W60-80 (AW-DMCS) , ftft^DX^j^ft:) 5:3.2mm x 2.1m;ff^ 
^^^AtC^b, *^AM^150°CT% *itlfc-f Xyit&mm (FID) SrflJML 

fc^n? h^57-f -fc<fc yjgjiufc. #,«x.*fl§a{cj:3 (s) -4-?n 

n-3-fc Kn^2/BSgftx^;b(O^JERfiS:^4 IC^Ufe. 6££<£>Cys£Sei\ Ala, Val 
, 146&<Z)Cys£Ser, 256&(Z)Cys£Sei\ Ala, VaHC^itS ^ H t?, 3£tft3W#iS 

[0 0 9 7] 
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[3H4] 



^7X5 K 


6-Cys 


146-Cys ! 


256-Cys j g/L 


porri4l o 


uys 


Cys | 


i Cys | 1 7.5 


pSFR412 


ser 


Ser 


Ser | 24.5 


pSFR416 


: Ala, . ; 


Cys 


Ser ! 25.8 


pSFR417 


Val 
Ser 


Cys 

Cys | 


Ser j 25.2 


pSFR418 


Ala • } 22.4 


nCCD/l 1 Q 

porri*t I y 


osr 


^ys ; 


i 

. f vai j «co.o 


PSFR420 


Cys 


Ser j 


Cys j 19.1 


pSFR421 


Cys 


Cys 


i 

Ser | 30.5 


pSFR423 


Cys 
Cys 


Ser I 
Cys 


Q - OK C 

: 
: 

VaS j 30.6 


pSFR424 


Cys 


Ser j 


^ Val J 31 .0 


pSFR425 


' :Ala:: , I Cys j 


\ Val l 29.6 


PSFR426 


;- :: >Miatp.! Ser : 


x Val. :j 32.2 



[0 0 9 8] 
[0 0 9 9] 

4 5 mSE# 2001-3110443 



#2000—363894 



SEQUENCE LISTING 
<110> DAICEL CHEMICAL INDUSTRIES, LTD. 

<120> Mutant of formate dehydrogenase derived from Mycobacterium 

vaccae, and use thereof. 
<130> D1-A0011 

<140> 
<141> 

<160> 25 

<170> Patentln Ver. 2.1 

<210> 1 

<211> 1206 

„ <212> DNA 

<213> Mycobacterium vaccae 

<400> 1 

atggcaaaag ttctgtgtgt tctttacgat gatccggtcg acggctaccc gaagacctat 60 

gcccgcgacg atcttccgaa gatcgaccac tatccgggcg gccagatctt gccgacgccg 120 

aaggccatcg acttcacgcc cgggcagttg ctcggctccg tctccggcga gctcggcctg 180 

cgaccatatc tcgagtccaa cggccacacc ctggtcgtga cctccgacaa ggacggcccc 240 

gactcggtgt tcgagcgcga gctggtcgat gcggatgtcg tcatctccca gcccttctgg 300 

ccggcctatc tgacgcccga gcgcatcgcc aaggccaaga acctgaagct cgcgctcacc 360 

gccggcatcg gttccgacca cgtcgatctt cagtcggcta tcgaccgcaa cgtcaccgtg 420 

gcggaagtca cctactgcaa ctcgatcagc gtcgccgagc atgtggtgat gatgatcctg 480 
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tcgctggtgc 


gcaactatct 


gccctcgcac 


gccgactgcg 


tctcccacgc 


ctacgacctc 


ggccgcatcg 


gtctcgcggt 


gctgcgccgt 


accgaccgtc 


accgcctgcc 


ggaatcggtc 


acccgcgagg 


acatgtatcc 


ggtttgcgac 


gaaaccgagc 


acatgatcaa 


tgacgagacg 


gtcaacaccg 


cccgcggcaa 


gctgtgcgac 


ggccggctgg 


ccggctatgc 


cggcgacgtg 


ccctggcgga 


cgatgcccta 


taacggcatg 


gcgcaggcgc 


gttatgcggc 


gggcacccgc 


ccgatccgcg 


acgaatacct 


catcgtgcag 


tcctactcga 


agggcaatgc 


caccggcggt 


gtctaa 







gaatgggcgc ggaagggcgg ctggaacatc 540 
gaggcgatgc atgtcggcac cgtggccgcc 600 
ctggcgccgt tcgacgtgca cctgcactac 660 
gagaaggagc tcaacctcac ctggcacgcg 720 
gtggtgacgc tgaactgccc gctgcacccc 780 
ctgaagctgt tcaagcgtgg cgcctacatc 840 
cgcgatgccg tggcacgtgc gctcgaatcc 900 
tggttcccgc agccggcgcc gaaggaccac 960 
accccgcaca tctccggcac cacgctgacc 1020 
gagatcctgg agtgcttctt cgagggccgt 1080 
ggcggcgctc ttgccggcac cggcgcgcat 1140 
tcggaagagg ccgccaaatt caaaaaagcg 1200 

1206 



<210> 2 
<211> 401 
<212> PRT 

<213> Mycobacterium vaccae 
<400> 2 

Met Ala Lys Val Leu Cys Val Leu Tyr Asp Asp Pro Val Asp Gly Tyr 
1 5 10 15 

Pro Lys Thr Tyr Ala Arg Asp Asp Leu Pro Lys lie Asp His Tyr Pro 

20 25 30 

Gly Gly Gin He Leu Pro Thr Pro Lys Ala lie Asp Phe Thr Pro Gly 

35 40 45 
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Gin Leu Leu Gly Ser Val Ser Gly Glu Leu Gly Leu Arg Pro Tyr Leu 

50 55 60 

Glu Ser Asn Gly His Thr Leu Val Val Thr Ser Asp Lys Asp Gly Pro 

65 70 75 80 

Asp Ser Val Phe Glu Arg Glu Leu Val Asp Ala Asp Val Val He Ser 

85 90 95 

Gin Pro Phe Trp Pro Ala Tyr Leu Thr Pro Glu Arg He Ala Lys Ala 
100 105 110 

Lys Asn Leu Lys Leu Ala Leu Thr Ala Gly He Gly Ser Asp His Val 
115 120 125 

Asp Leu Gin Ser Ala He Asp Arg Asn Val Thr VaJ Ala Glu Val Thr 
130 135 140 

Tyr Cys Asn Ser He Ser Val Ala Glu His Val Val Met Met He Leu 

145 150 155 160 

Ser Leu Val Arg Asn Tyr Leu Pro Ser His Glu Trp Ala Arg Lys Gly 

165 170 175 

Gly Trp Asn He Ala Asp Cys Val Ser His Ala Tyr Asp Leu Glu Ala 
180 185 190 

Met His Val Gly Thr Val Ala Ala Gly Arg He Gly Leu Ala Val Leu 
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195 



200 



205 



Arg Arg Leu Ala Pro Phe Asp Val His Leu His Tyr Thr Asp Arg His 

210 215 220 



Arg Leu Pro Glu Ser Val Glu Lys Glu Leu Asn Leu Thr Trp His Ala 

225 230 235 240 

Thr Arg Glu Asp Met Tyr Pro Val Cys Asp Val Val Thr Leu Asn Cys 

245 250 255 

Pro Leu His Pro Glu Thr Glu His Met lie Asn Asp Glu Thr Leu Lys 

260 265 270 



Leu Phe Lys Arg Gly Ala Tyr He Val Asn Thr Ala Arg Gly Lys Leu 

275 280 285 

Cys Asp Arg Asp Ala Val Ala Arg Ala Leu Glu Ser Gly Arg Leu Ala 

290 295 300 

Gly Tyr Ala Gly Asp Val Trp Phe Pro Gin Pro Ala Pro Lys Asp His 

305 310 315 320 

Pro Trp Arg Thr Met Pro Tyr Asn Gly Met Thr Pro His lie Ser Gly 

325 330 335 



Thr Thr Leu Thr Ala Gin Ala Arg Tyr Ala Ala Gly Thr Arg Glu He 

340 345 350 



4 9 



ffiliE#2 001-3110443 



#2000—363894 



Leu Glu Cys Phe Phe Glu Gly Arg Pro lie Arg Asp Glu Tyr Leu He 

355 360 365 

Val Gin Gly Gly Ala Leu Ala Gly Thr Gly Ala His Ser Tyr Ser Lys 

370 375 380 

Gly Asn Ala Thr Gly Gly Ser Glu Glu Ala Ala Lys Phe Lys Lys Ala 

385 390 395 400 



Val 



<210> 3 
<211> 42 
<212> DNA 

<213> Artificial Sequence 

<220> 

<223> Description of Artificial Sequence:an artificially 
synthesized primer sequence 

<400> 3 

ctttctagag gaattcaacc atggcaaaag ttctgtgtgt tc 42 



<210> 4 
<211> 34 
<212> DNA 
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<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence:an artificial 1 
synthesized primer sequence 

<400> 4 

cagtctagat tagaccgctt ttttgaattt ggcg 

<210> 5 
<211> 42 
<212> DNA 

<213> Artificial Sequence 

<220> 

<223> Description of Artificial Sequence:an artificiall 
synthesized primer sequence 

<400> 5 

taatctagag gaattcaata atggatccaa caatgacgtt tc 

<210> 6 
<211> 35 
<212> DNA 

<213> Artificial Sequence 



<220> 
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<223> Description of Artificial Sequence:an artificially 
synthesized primer sequence 

<400> 6 

tagaagctta agctattaaa cgcaagtgta cccac 35 

<210> 7 
<211> 42 
<212> DNA 

<213> Artificial Sequence 

<220> 

<223> Description of Artificial Sequence:an artificially 
synthesized primer sequence 

<400> 7 

ctttctagag gaattcaacc atggcaaaag ttctgtctgt tc 42 

<210> 8 

<211> 49 

<212> DNA 

<213> Artificial Sequence 

<220> 

<223> Description of Artificial Sequenceran artificially 
synthesized primer sequence 
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<400> 8 ' 
gtatccggtt tgcgacgtcg tgacgctgaa ctccccgctg caccccgaa 49 

<210> 9 
<211> 49 
<212> DNA 

<213> Artificial Sequence 

<220> 

<223> Description of Artificial Sequence:an artificially 
synthesized primer sequence 

<400> 9 

ttcggggtgc agcggggagt tcagcgtcac gacgtcgcaa accggatac 49 
<210> 10 

<211> 33 . ' ' ' . 

<212> DNA 

<2.13> Artificial Sequence 



<220> 

<223> Description of Artificial Sequence:an 
synthesized primer sequence 

<400> 10 

cggaagtcac ctactcaaac tcgatcagcg teg 

5 3 



artificial ly 



33 
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<210> 11 
<211> 33 
<212> DNA 

<213> Artificial Sequence 



<220> 

<223> Description of Artificial Sequenceran artificially 
synthesized primer sequence 

<400> 11 

cgacgctgat cgagtttgag taggtgactt ccg 33 



<210> 12 
<211> 33 
<212> DNA 

<213> Artificial Sequence 

<220> 

<223> Description of Artificial Sequenceran artificially 
synthesized primer sequence 

<400> 12 

gacatgtatc cggtttctga cgtcgtgacg ctg 33 



<210> 13 
<211> 33 
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<212> DNA 

<213> Artificial Sequence 

<220> 

<223> Description of Artificial Sequence: an artificially 
synthesized primer sequence 

<400> 13 

cagcgtcacg acgtcagaaa ccggatacat gtc 33 

<210> 14 
<211> 35 
<212> DNA . 

<213> Artificial Sequence 

<220> 

<223> Description of Artificial Sequence:an artificially 
synthesized primer sequence 

<400> 14 

cgagatcctg gagtcattct tcgaaggccg tccga 35 

<210> 15 
<211> 35 
<212> DNA 

<213> Artificial Sequence 
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<220> 

<223> Description of Artificial Sequence:an artificially 
synthesized primer sequence 

<400> 15 

tcggacggcc ttcgaagaat gactccagga tctcg 35 

<210> 16 
<211> 30 
<212> DNA 

<213> Artificial Sequence 

<220> 

<223> Description of Artificial Sequence:an artificially 
synthesized primer sequence 

<400> 16 

atggcaaaag ttttagctgt tctttacgat 30 



<210> 17 
<211> 30 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence:an artificially 
synthesized primer sequence 
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<400> 17 



atcgtaaaga acagctaaaa cttttgccat 



30 



<210> 18 
<211> 21 
<212> DNA 

<213> Artificial Sequence 

<220> 

<223> Description of Artificial Sequenceran artificially 
synthesized primer sequence 

<400> 18 

ggcaaatatt ctgaaatgag c 21 

<210> 19 
<211> 20 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequenceran artificially 
synthesized primer sequence 



<400> 19 



tcacgacgtc gcaaaccgga 



20 



5 7 
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<210> 20 
<211> 30 
<212> DNA 

<213> Artificial Sequence 



<210> 21 
<211> 30 
<212> DNA 

<213> Artificial Sequence 



artificial ly 



<220> 

<223> Description of Artificial Sequenceran 
synthesized primer sequence 

<400> 20 

atggcaaaag ttttagtagt tctttacgat 



<220> 

<223> Description of Artificial Sequence:an artificially 
synthesized primer sequence 

<400> 21 

atcgtaaaga actactaaaa cttttgccat 



<210> 22 
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<211> 27 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence:an artificially 
synthesized primer sequence 

<400> 22 

gtgacgctga acgctccgct gcacccc 27 

<210> 23 
<211> 27 
<212> DNA 

<213> Artificial Sequence 

of Artificial Sequence:an artificially 
primer sequence 

<400> 23 

ggggtgcagc ggagcgttca gcgtcac 27 



<220> 

<223> Description 
synthesized 



<210> 24 
<211> 27 
<212> DNA 

<213> Artificial Sequence 
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<220> 

<223> Description of Artificial Sequence: an artificially 
synthesized primer sequence 

<400> 24 

gtgacgctga acgttccgct gcacccc 27 



<210> 25 
<211> 27 
<212> DNA 

<213> Artificial Sequence 



<220> 

<223> Description of Artificial Sequence:an artificially 
synthesized primer sequence 

<400> 25 

ggggtgcagc ggaacgttca gcgtcac 27 

[01] y^X^ KpSE-MCF15©#ig$:^-rilIT*fe-S D 
[02] y^^^ KpSFR415(D«5t$:^t-0T'S>^ o 
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mm 



Nco I 




Xba I 
Hind III 



1 
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m m a 



f$M## [0000 0 2901] 
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